TRIUMF has a long history of polarization studies for the nucleon-nucleon system in the energy range between 180 and 520 MeV. The experimental program at TRIUMF continues to be active in this field and important measurements are both in progress and being planned for the near future. In addition, there is a considerable ongoing development effort to improve the quality and flexibility of the polarized beams and targets available at TRIUMF.
EXPERIMENTAL FACILITIES (a) Beams
The properties of the various beams used in the nucleon-nucleon program are summarized in Table I . In the past year the operation of the polarized ion source 300-400 nA typical ip/p = 5% Polarization 70-75% typical ~45% at 500 MeV 80% low currents ~60% at 200 MeV has improved steadily. Currents from 300-400 nA are reliably obtained and recently 600 nA was delivered. During development tests up to 1 pA of polarized beam has been extracted from the cyclotron. Reliable operation at these high currents is needed to produce polarized neutron beams of adequate intensity for the present n-p scattering experiments. The LD 2 target used for the production of the TRIUMF neutron beam was upgraded in 1983. It has operated with proton beam currents up to 1.5 uA without any observable effect due to the beam heat load.
At present, vertical, horizontal or longitudinal polarizations can be obtained for neutron beams. Redesign of beamlines 4A and 4B is in progress to obtain longitudinally polarized proton beams using transport systems with two solenoids and two dipoles. Care is being taken to guarantee that 100 keV energy resolution will still be obtainable with the upgraded medium resolution spectrometer (MRS). The design of the beam transport is complicated by the twister and vertically dispersed E l e c t r o n i c p o l a r i z a t i o n >85% has been measured i n t h e Na vapour having a l i n e a r d e n s i t y capable of producing 10 A of H-ions. Up t o 5 of p o l a r i z e d protons could be produced from t h e TRIUMF cyclotron with such a source. With adequate l a s e r power t h e r e i s a good p o s s i b i l i t y t o have 150 pi of H ' e x t r a c t e d from t h e source.
The work has been done using a s i n g l e 1 w a t t broadband l a s e r . An important discovery a t TRIUMF was t h a t use of a v i t o n l i n e r i n t h e Na c e l l increased t h e l i f e t i m e of t h e N a p o l a r i z a t i o n from 10 p t o 200 p.
Production of an o p e r a t i o n a l o p t i c a l l y pumped i o n source would have major i m p l i c a t i o n s a t TRIUMF. At p r e s e n t , approximately 25% of scheduled beam time i s f o r t h e p o l a r i z e d source.
It may be p o s s i b l e t o i n c r e a s e t h a t f i g u r e s u b s t a n t i a l l y i f polarized proton beam i n t e n s i t i e s >50 are a v a i l a b l e . The beam p r o p e r t i e s from an o p t i c a l l y pumped source would a l s o be improved over t h e p r e s e n t source. Since t h e proton p o l a r i z a t i o n i s changed a t t h e l a s e r t h e negative and p o s i t i v e p o l a r i z a t i o n s would be equal, t h e beam c u r r e n t s would be constant f o r a l l t h r e e s t a t e s , and t h e r e would be no change i n t h e beam t r a n s p o r t p r o p e r t i e s .
( c ) T a r g e t s
The TRIUMF l a r g e volume frozen s p i n p o l a r i z e d proton t a r g e t was c h r i s t e n e d experimentally f o r t h e f i r s t time i n November 1983. Since then i t has been used f o r a two week run i n February 1984 and a t h r e e week run i n August 1984. The p r o p e r t i e s of t h e t a r g e t a r e summarized i n Table 11 . Two more long runs a r e planned before t h e end of 1984. A f t e r t h a t improvements w i l l be made s o t h a t an o p e r a t i n g temperature of 50 mK can be r o u t i n e l y achieved and t o reduce t h e thickness of t h e m a t e r i a l around t h e t a r g e t . The t a r g e t volume can be increased t o 98 cm3, l i m i t e d by t h e p o l a r i z i n g f i e l d homogeniety. Table I1 TRIUMF Polarized Proton Frozen Spin Target t a r g e t volume: 56 cm3 4 cm x 4 cm diam.
( p r e s e n t c o n f i g u r a t i o n ) 98 cm3 5 cm x 5 cm diam. (max. s i z e allowed i n p o l a r i z i n g f i e l d ) t a r g e t m a t e r i a l :
beads, 1.6 mm dia., formed from a Butanol -5% H20 mixture, d e n s i t y of FBA-Cr(V) i s 4 x 1019/ml holding f i e l d :
2.57 kG ( v e r t i c a l ) t a r g e t temperature: 60 f 5 mK R e l i a b i l i t y :
t h e r e f r i g e r a t o r has run f o r 18 consecutive days w i t h r o u t i n e maintenance. Downtime has been < 1 day i n 8 weeks of operation. The Liverpool p o l a r i z e d t a r g e t used i n t h e BASQUE experiments is being converted t o a p o l a r i z e d deuteron t a r g e t .
The aim is t o achieve deuteron v e c t o r p o l a r i z a t i o n s of -40% and t e n s o r p o l a r i z a t i o n of -15% with r e f r i g e r a t o r o p e r a t i o n below 50 mK. The t a r g e t volume w i l l be 5 cm3 i n a frozen s p i n holding f i e l d of 4 kG.
ACTIVE EXPERIMENTS AND RECENT RESULTS (a) Test of Time Reversal Invariance
When t h e c o n t r o v e r s i a l v i o l a t i o n of time r e v e r s a l i n v a r i a n c e (TRI) i n a P-A measurement of. two nucleon transfer reactions was reported several years ago1), it became clear that no stringent TRI measurement existed for nucleon-nucleon scattering. A P-A experiment that observed p-p elastic scattering and p-12c elastic scattering at 16' and 200 MeV was performed by a University of Alberta group. This choice of energy and angle is particularly favourable for observation of TRV effects. Simultaneous observation of the two processes allows uncertainties in the proton beam polarization and the analyzing power of the second scattering to be eliminated. The analysis of this experiment is nearly complete with only the corrections for known systematic effects to be evaluated. A statistical precision in P-A of k0.0025 with a comparable uncertainty in the systematic corrections appears obtainable. This error is about a factor 3 smaller than existing limits in the p-p system. The analyzing powers for the ; d + have been measured at 350, 450 and 500 Me~9) and compared to similar data for the pd + t n ' reactionLoy ' l ) .
The data agree within statistical error (typically 20.03) over the angular range 30°-150" in the c.m. system. The consistency of these data supports the charge symmetry of the nuclear force, in contrast to cross section data for nf scattering from A=3 nuclei 12) and of the pion production reactions nd + t no and nd + 3ke n-13).
FUTURE EXPERIMENTS
Measurements by an Alberta/Manitoba group of A , , in n-p elastic scattering at 210, 325, 425 and 500 MeV in the c.m. angular range 200-1500 with an accuracy of D.03 per point will start data-taking in late 1985. These results will reduce uncertainties and correlations in existing n-p phase shift analyses. In addition, the A,, predictions of the Bonn and Paris potentials differ and it should be possible to discriminate between these potentials. A proposal to measure tno in nd elastic scattering using the new polarized deuteron target is in preparation. This may be the best way to resolve the discrepancies between existing measurements where the tensor polarization of the scattered deuteron is observed. This experiment could start data-taking in mid-1985. Following the t n o measurement, the same UBC/TRIUMF group will measure the outgoing proton polarizations for the Id + pp reaction. A major experiment to measure parity violation in p-p scattering is also being considered by a Manitoba/Alberta collaboration. This experiment would measure the relative difference in the total cross sections AZ for polarized proton beams of opposite helicity to a precision of -2 x This would be similar to other measurements .at .energies outside the TRIUMF range. A unique aspect of this proposed experiment would be an attempt to measure the angular distribution of A, in order to obtain more precise information on the nucleonnucleon parity violating amplitude.
Investigation of nucleonnucleon spin physics at TRIUMF will form a major part of the experimental program during the next few years. There is no lack of good ideas for experiments in this field and I am sure the progress report from TRIUMF at the next conference in this series will bear witness to this continuing interest.
